(1), implying that our assumption has generality.
141
To mathematically model an isotropically expanding two-dimensional plane (or 142 field), it is convenient to define an origin in a two-dimensional x-y plane (Fig. 1D,   143 origin). If one assumes that a point on the field moves away from the origin with a 1D; e.g., two gray circles) on the field increases at a rate proportional to the distance.
147
Therefore, under this assumption, an isotropically expanding field can be correctly 148 modeled, as confirmed by simulation results described below (Fig. S1 ).
150

Mathematical model of cells on an isotropically expanding field
151
In our previous report, to simulate deformation of a cell cluster, we constructed 152 a grid-based model (13), which will be discussed below (Fig. 3A) . However, our where  is the nabla vector differential operator at each vertex. Importantly, we also 168 considered a type of cell neighbor exchange called a T1 transition, which usually occurs 169 during tissue elongation accompanying convergent extension, and is essential for 170 evaluating cell deformation ( Fig. 2A , cell junctional remodeling) (18).
171
The cells modeled above were placed on a field. We assumed that frictional 
180
In the presence of field expansion, we assumed that the velocity is modified as V= F/μ
181
+ V e , where V e is the velocity of the expanding field at the vertex, as previously defined 182 in Figure 1D . Therefore, we can write
where F e corresponds to an "apparent" force exerted by the field when a point on the 185 field is defined as the x-y origin (Fig. 1D) (Fig. S1B ). This was also the case when the cell-intrinsic forces were set as 199 present (F ≠ 0) (Fig. S1C ). In addition, when the x-y origin was set at different positions,
200
the deformation patterns of the cell clusters were not affected (Fig. S1D ). These results
201
indicated that, although the apparent forces exerted by the field were locally different,
202
our model achieved an absolutely isotropic field. clusters, individual cells were also elongated in almost the same direction ( cell cluster as a grid, as described previously ( respectively). In Figure 3A , the x-and y-axes were set along the edges of the cluster.
279
We then further simplified the grid model by assuming that a cell cluster in the forces exerted on each vertex of the outer boundary were written as shown in Figure 3C 288 (the coordinates of the origin, vertex P 2 , and vertex P 5 were defined in Figure 3A ). The and y-axes, as follows (SI): stable equilibrium states should exist under no-expansion conditions. Moreover, the 317 field expansion rate was set to be sufficiently strong to induce elongation (large ε value).
318
In other parameter sets, various nullclines emerged as shown in Figure S3A , and the 
where c is the total cell number (ij) in the cell cluster. In the specific case where i = j, 331 the following equation was obtained:
Eq. 8.
333
To understand the dynamics of R, the sign of this equation is critical. Because all 334 region with dR/dt > 0, which should lead to cell cluster elongation (Fig. 4B) . This is 370 consistent with the outcomes in the left panel of Figure 4A , where ε was set as 1. Here, / dX dt and / dY dt are the deformation rates provided from the forces derived 388 from the line tensions and area elasticities. x(t) and y(t) are the lengths of cell edges along the x-and y-axes, as previously defined. We considered various shapes of cell 390 clusters, and compared the two rates against each other (Fig. 5 and S4 ). The two rates 391 are schematically shown as absolute values (∆X and ∆Y) in Figure 5 and S4.
variables [μ, λ, K a , i, X(t), Y(t), R(t), and
392
In enlarged cell clusters (X(t)Y(t)>A 0 ), the signs of the two deformation rates conditions, the outcomes vary (Fig. 5-VI) . By contrast, shrunken cell clusters 404 (X(t)Y(t)<A 0 ) have reversed features that reduce their asymmetries (Fig. S5) . Thus, Although it is possible that our results are specific to our models, we did test two 452 models (vertex and grid). Moreover, when a cell was modeled as a particle, and line to the increase in their sizes through radial interactions, etc. (Fig. 1E) , and function as 465 an expanding field, whereas other cells in contact with these populations are moved 466 passively. Epiboly is a basic developmental process during which the area of a cell sheet 467 is increased by radial intercalation (16, 17). Epiboly also occurs in developing skin (24).
468
These examples include not only isotropically but also anisotropically expanding fields; to a shape obtained by our simulation (Fig. 5B, top panel) . Furthermore, in combination is "+"), and R will be elevated. In cases III and VII, the shapes that are elongated along 704 the y-axis will be more elongated along the y-axis (asymmetry enhancement is "+"),
705
and R will be reduced. In case I, R will not be changed (asymmetry enhancement is "±"), However, when the area becomes nearly equal to the natural area, the effects of 725 enhancement and reduction of asymmetry balance each other (Fig. S4) , resulting in 726 convergence to the natural shape (C and E). When a cell cluster is maintained in an 727 enlarged state under an expanding field, it continuously increases its asymmetry,
728
resulting in more and more elongation (D).
